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Abstract
Domestic sheep ranchers generally perceive abundances of nat-
ural prey and coyotes (Canis latrans) as important factors affect-
ing coyote predation rates on sheep. To determine the effect of a
changing natural prey base on coyote predation rates, we esti-
mated coyote density and predation rates on ewes and lambs
during part of 1 cycle of black-tailed jackrabbit (Lepus californi-
cus) abundance on a 2,300 km2 area of the Idaho National
Engineering Laboratory in southcentral Idaho from 1979–1985.
We used 100, 1.6-km scat collection lines and 80, 1.6-km flushing
transects to assess coyote and jackrabbit densities, respectively.
Ewe and lamb loss rates were determined from questionnaires
sent to all 13 producers grazing sheep on the area. Spring coyote
density varied from 0.10 to 1.39 coyotes km-2 in response to a sys-
tematic fluctuation in jackrabbit density from 0 to 243 jackrab-
bits km-2. Reported total loss rates of ewes and lambs varied
from 2.2 to 42.1 ewes/105 ewe-days and 33.0 to 163 lambs/105
lamb-days and were linearly and directly related to coyote densi-
ty (P < 0.005). Ewe and lamb loss rates were independent of
jackrabbit density (P > 0.18) except for 1 year when jackrabbits
were virtually absent from the study area and the loss of lambs
escalated dramatically. Our data suggest the increased losses of
lambs resulted from reduced buffering by natural prey. 
Key Words: Canis latrans, Lepus californicus, sheep loss rate,
coyote numerical response, buffering
Coyote (Canis latrans) predation on domestic sheep is a prob-
lem for many western sheep ranchers. Ranchers perceive coyote
density and abundance of natural prey as important factors affect-
ing predation rates on sheep (Gee et al. 1977, Nielsen 1977, Nass
et al. 1984). Objective information concerning the relationships
of these variables to coyote predation on sheep is limited largely
because measuring and manipulating coyote and prey numbers is
difficult. The effect of natural prey abundance on sheep predation
is enigmatic because, while prey abundance can be an important
determinant of coyote density (Clark 1972, Knowlton and
Stoddart 1983, Knowlton and Gese 1995, Knowlton et al. 1999),
natural prey can also buffer sheep against predation by coyotes
(McAdoo 1975, Guthery 1977, Kaufeld 1977, Gober 1979).
We examined coyote predation rates on ewes and lambs during
an irruption and decline in black-tailed jackrabbit (Lepus califor-
nicus) abundance in the northern Great Basin. Historically,
jackrabbit numbers in this area have cycled dramatically (Wagner
and Stoddart 1972, Gross et al. 1974). Jackrabbits also comprise a
large fraction of coyotes' diet in this region and coyote numbers
fluctuate in response to changing jackrabbit numbers (Clark
1972, Hoffman 1979, Johnson and Hansen 1979, and Knowlton
and Stoddart 1992).
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Resumen
Los criadores de borregos domésticos generalmente perciben a
la abundancia de presas naturales y coyotes (Canis letransI) como
factores importantes que afectan las tasas de depredación de bor-
regos por coyotes. Para determinar el efecto de una población
cambiante de presas naturales en las tasas de depredación del
coyote estimamos la densidad de coyotes y las tasas de
depredación de ovejas y corderos durante parte de un ciclo de
abundancia de liebres cola negra (Lepus californicus), el estudio
se condujo de 1979 a 1985 en un área de 2,300 km2 del
Laboratorio Nacional de Ingeniería de Idaho, situado en la parte
sur-central de Idaho. Utilizamos 100 líneas "scat" de colección de
1.6 km y 80  transectos de abundancia de 1.6 km para evaluar las
densidades de coyotes y liebres respectivamente. Las tasas de per-
dida de ovejas y corderos se determinaron mediante cuestionarios
enviados a todos (13) los productores de borregos en apacen-
tamiento del área. En primavera la densidad de coyotes vario de
0.10 a 1.39 km-2 en respuesta a una fluctuación sistemática de la
densidad de liebres de 0 a 243 liebres km-2. Las tasas de perdida
total de ovejas y corderos reportadas por los productores vario de
2.2 a 42.1 ovejas/105 días-borrega y de 33 a 163 corderos/105
cordero-días y estuvieron lineal y directamente relacionados a la
densidad de coyotes (P < 0.005). Las tasas de  perdida de ovejas y
corderos fueron independientes de la densidad de liebres (P >
0.18), excepto en un año cuando las liebres estuvieron virtual-
mente ausentes del área de estudio y la perdida de corderos
aumento dramáticamente. Nuestros datos sugieren que el aumen-
to de  perdidas de corderos resulta de la reducción en la acción de
amortiguamiento que ofrecen las presas naturales.
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Materials and Methods
Study Area
We conducted this study on the Idaho
National Engineering Laboratory (INEL),
a 2,300 km2 National Environmental
Research Park (43º40' N 112º30' W) in
southcentral Idaho. The INEL is represen-
tative of the Northern Cold Desert Biome
with big sagebrush (Artemisia tridentata
Nuttall)-wheatgrass (Agropyron dasys-
tachum Hooker) communities as the domi-
nant association (Atwood 1970, Harniss
and West 1973). Approximately 1,400
km2 of the periphery of the INEL was
grazed by sheep and subjected to limited
coyote removal by the U.S. Fish and
Wildlife Service to control depredations.
The interior portion was closed to domes-
tic livestock grazing and to coyote
removal. The entire INEL was closed to
public trespass. 
Procedures
In 1975, Denver Wildlife Research Center
personnel initiated a study of coyote and
jackrabbit population dynamics on the
INEL. Indices of coyote and jackrabbit
abundance were measured each spring and
fall on a 1,200 km2 area, including grazed
and ungrazed portions of the INEL (Davison
1980, L.C. Stoddart unpublished report). We
converted the indices to estimates of density
and used them as seasonal estimates for the
grazed portion of the INEL.
Coyote indices were obtained using 100,
1.6-km scat collection lines randomly
located along unimproved roads. Each
spring and fall the lines were first cleared
of scats and then newly deposited scats
were counted and removed after 14 and 28
days. The index was the deposition rate of
fresh scats (scats/km/day). We converted
the indices to estimates of coyote density
(no./km2) using the regression equation,
density = (index – 2.66) x 0.054, devel-
oped in a mark-recapture study of coyote
density on the INEL (Knowlton 1984).
The coyote scat collection lines were not
operated in spring 1979. This, and the fol-
lowing 4 years, were years of coyote pop-
ulation increase (L.C. Stoddart unpub-
lished report). We estimated spring 1979
coyote density by averaging the ratios of
spring to fall coyote density estimates for
1980 through 1983 (0.56) and multiplying
the fall 1979 density estimate by this ratio.
Indices of black-tailed jackrabbit abun-
dance were obtained using 80, geographi-
cally fixed, 1.6-km line transects randomly
located in the study area. Each spring and
fall, each transect was walked between
0900 and 1600 hours when jackrabbits
were generally sedentary. The perpendicu-
lar distance from the transect line to the
point from which each observed jackrabbit
flushed was recorded and the data analyzed
using program TRANSECT (Burnham et
al. 1980). Because line transects walked in
sagebrush habitat generally underestimate
jackrabbit density by 41.5% (Wywialowski
and Stoddart 1988), we multiplied the
jackrabbit indices by 1.71 for our estimates
of jackrabbit density. For estimates of coy-
ote and jackrabbit density in winter, we
used the mean of the preceding fall and
succeeding spring density estimates.
Winter and spring sheep grazing and
loss information were obtained from ques-
tionnaires sent to each rancher grazing
sheep on the INEL from 1979 to 1985.
Sheep monitored in this study generally
lambed in February and grazed on the
INEL for about 25 to 45 days from mid-
April to mid-June. Ewes returned to the
INEL for about 50 days in December and
January. We asked ranchers to provide
numbers of lambs and ewes grazed, num-
ber of days grazed, and total numbers of
lambs and ewes lost each spring and win-
ter while on the INEL each year. We also
asked them to estimate the numbers of
lambs and ewes lost to coyote predation.
Loss rates of ewes and lambs for each
ranch were calculated each year and sea-
son by dividing the reported number of
ewes and lambs lost by the number of
ewe- and lamb-days grazed respectively
on the INEL. Loss rates were tested for
outlying estimates by first normalizing the
distributions of pooled age and seasonal
loss rates with the square root transforma-
tion and then using a sum-of-squares out-
lier test (Li 1964 p. 548). Weighted mean
total loss rates were calculated similarly
each year and season after pooling the
data. We calculated weighted mean preda-
tion rates on lambs and ewes in like fash-
ion using reported numbers of lambs and
ewes killed by coyotes instead of total
numbers lost. Linear regression analysis
was used to evaluate the relationships
between weighted mean coyote predation
rates on ewes and lambs and coyote and
jackrabbit densities.
Results and Discussion
Jackrabbit Densities
Between 1975 and 1978, prior to this
study, jackrabbit abundance on the INEL
steadily increased from near zero to about
12 jackrabbits km-2 (L. C. Stoddart unpub-
lished report). The population continued to
increase during the first 2 years of this
study, peaked at about 225–250 jackrab-
bits km-2 in the winter to spring period
1980–81, and then declined steadily to
near zero by spring 1984 (Fig. 1).
Fig. 1. Estimates of jackrabbit and coyote densities (numbers per km2) in spring (A) and win-
ter (B).
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Coyote Responses
Coyotes responded both numerically and
functionally to changes in jackrabbit abun-
dance; their numbers increased coincident
with increasing numbers of jackrabbits and
composition of their diet included a much
higher percentage of jackrabbit
(MacCracken  and Hansen 1987). From
1975 to 1978 coyote density was relatively
low and constant at about 0.25 coyotes km-2
(L. C. Stoddart unpublished report). The
population began to increase in 1979,
peaked at 2.1 coyotes km-2 in winter
1983–84, and declined to 0.79 coyotes km-2
the following winter (Fig. 1). The cycles
we observed in abundances of coyotes and
jackrabbits on the INEL are characteristic
of coyote-jackrabbit cycles reported for
northern Utah (Gross et al. 1974,
Knowlton and Stoddart 1983, 1992). In
northern Utah the proportion of jackrabbit
in coyotes' diet changed markedly with
changing jackrabbit abundance (Clark 1972,
Hoffman 1979). Similarly, MacCracken and
Hansen (1987), in a study concurrent with
ours, reported the fraction of jackrabbit in
the diets of INEL coyotes increased 15-
fold from low to high jackrabbit density,
and during the latter, was the major source
of coyote food. Changes in coyote abun-
dance appeared to lag that of jackrabbits
by 2–3 years (Fig. 1). Although the
mechanics of changes in coyote abun-
dance in response to changes in food base
are not well understood, the lag may have
resulted, in part, from a threshold effect
(Wagner 1981). We suspect the functional
response curve developed by Hoffman
(1979) depicting coyote feeding patterns
in relation to jackrabbit abundance in
Curlew Valley, Utah (Fig. 2) is a more
reasonable approximation of the form of
this relationship. This suggests jackrabbit
density in this area must reach 20-30
jackrabbits km-2 before the coyote popula-
tion responds with increased density, and
must decline to about the same level
before the coyote population initiates a
decline phase.
Reported Sheep Losses
Thirteen producers grazed sheep on the
INEL during this study. Not all grazed the
INEL each season and not all returned
questionnaires for all seasons they did
graze there. On average, spring estimates
are based on reports from 7 producers,
involving 15,505 ewes and 20,676 lambs,
grazing for 32 days. Winter estimates were
typically based on larger samples, on aver-
age involving 9 producers with 23,828
ewes grazed for 51 days (Table 1). Total
sheep loss estimates and predation loss
estimates are presented in Figure 3. In
open range grazing situations, total loss
estimates are considered more accurate
than coyote predation estimates (Wagner
1988) because typically they are based
upon counts of flocks entering and leaving
grazing units. Estimates of predation loss-
es incorporate difficulties in locating car-
casses as well as producer judgements in
assigning causes of deaths. Predator killed
carcasses are particularly difficult to locate
on the open range (Lindzey and Wilbert
1989), and generally only a fraction are
found by herders (Scrivner et al. 1985,
Wagner 1988).
Reported Coyote Predation Rates
The weighted mean loss rates indicate the
reported coyote predation rates of ewes and
lambs on the INEL averaged 18 and 37%
respectively of total loss rates of ewes and
lambs. These values are generally lower
than those reported in a variety of field
studies of causes of sheep mortality
(Wagner 1988). Also, the reported coyote
predation rates on the INEL do not account
for apparent systematic changes in total
loss rates reported (Fig. 3). Unless mortali-
ty factors other than predation were varying
in concert with changing coyote and
jackrabbit numbers, which we consider
unlikely, producers markedly underestimat-
ed true coyote predation rates on the INEL.
Total Losses of Ewes and Lambs
To circumvent problems associated with
locating and properly assigning causes of
death to sheep mortalities, we reasoned
that if significant, systematic changes
occurred in true coyote predation rates as
coyote and jackrabbit densities fluctuated,
they would be reflected by parallel
changes in reported total loss rates.
Consequently, we used reported total loss
rates of ewes and lambs to estimate
changes in predation rates rather than the
reported predation rates themselves. The
following discussion is based upon ourFig. 2. Functional feeding response of coyotes to jackrabbit abundance (from Hoffman 1979)as the hypothesized buffering jackrabbits provide to sheep.
Table 1. Number of ewes and lambs grazed and mean number of days grazed per sheep in spring
and winter on the Idaho National Engineering Laboratory.
Season: No. of operators             Animals grazed            x days grazed
Year reporting Ewes Lambs per sheep
-- - - - - - - - - (No.) - - - - - - - -  -
Spring:
1979 5 14,500 20,780 27
1980 7 13,343 19,838 30
1981 8 17,692 20,186 32
1982 9 21,986 27,296 45
1983 6 14,029 20,291 30
1984 5 11,482 15,662 26
Mean 7 15,505 20,676 32
Winter:
1979–80 10 26,945 63
1980–81 10 33,800 57
1981–82 6 16,324 56
1982–83 10 30,237 44
1983–84 9 18,069 38
1984–85 6 17,592 47
Mean 9 23,828 51
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analyses of total reported losses of ewes
and lambs.
During this study, the weighted mean
total loss rates (sheep lost per 105 sheep-
days grazed) ranged between 3 and 40 for
ewes and 30 and 160 for lambs (Fig. 3).
These are consistent with losses reported
to the USDA Statistical Reporting Service
(SRS) over 11 western states during the
years of this study who reported average
total postdocking losses of ewes and
lambs of about 8 and 12% respectively
(Wagner 1988). These would convert to
loss rates (losses per 105 animal days) of
22 and 80, about mid-range for the total
loss rates reported for the INEL.
Frequency distributions of loss rates of
ewes and lambs, by individual ranchers
and grazing season, pooled over the 6
years of study were skewed. These pat-
terns are similar to that reported by Balser
(1974), Nass et al. (1984), and others for
predator losses, i.e. many ranchers report
few or no losses while others report rela-
tively high losses. In our study, individual
ranchers did not always hold similar posi-
tions within the frequency distribution.
The skewed pattern prevailed whether
overall losses were low or high. Our single
point value for abundances of coyotes and
jackrabbits on the INEL for each season of
each year precluded further assessment of
potential causes. Uneven distributions of
coyotes or natural prey on the area, prox-
imity of other sheep, or the relative effica-
cy with which Wildlife Services personnel
resolved specific depredation problems
could contribute to a skewed frequency
distribution.
The reported winter loss rate of 25 ewes
per 10,000 ewe-days by 1 rancher was
identified as an outlying estimate (α=
0.01) and was subsequently dropped from
further analyses. Contingency table (2 x 2)
analysis indicated that high individual
rancher loss rates of ewes (α = 0.005) and
lambs (α = 0.025) in spring occurred dis-
proportionately at higher coyote densities.
A similar test involving ewes in winter
was not significant.
Since we did not measure parameters for
individual ranches and could not account
for individual loss rates, we pooled loss
rates by age and season and used the
weighted means for further analyses.
Weighted means of reported total loss rates
of ewes in spring and winter changed sys-
tematically from relatively low values
early in the study, peaked in 1982, and
declined the next 2 years (Fig. 3). A simi-
lar trend was noted in reported total lamb
loss rates except for the last year of study
(1984) when the total lamb loss rate esca-
lated markedly (Fig. 3). The ratio of lamb
loss rate to ewe loss rate changed system-
atically except for 1984. Trends in preda-
tion rates reported for both ewes and lambs
approximated those for total loss rates but
generally at much lower rates (Fig. 3).
Total Loss Rates
The weighted mean total loss rate of
ewes on the INEL in spring and winter was
linearly correlated (r2 = 0.75, P < 0.001)
with estimated coyote density (Fig. 4).
Inclusion of jackrabbit density as a second
independent variable did not significantly
improve the regression model (P > 0.18)
for ewes. The weighted mean total loss rate
of lambs was also linearly correlated (r2 =
0.68, P < 0.05) with estimated coyote den-
sity (Fig. 5a), but the regressional fit of the
data was significantly improved with the
addition of a term for the functional feed-
ing response of coyotes to jackrabbit densi-
ty (Fig. 5b). Although this model is sup-
ported by only 1 point, it is reasonable to
expect a supersaturated coyote population
to shift to alternate prey when its primary
prey is no longer available. We approxi-
mated this by using the functional feeding
response of coyotes to jackrabbit abun-
dance (Fig. 2) developed by Hoffman
(1979) to calculate the fraction of buffering
jackrabbits might provide to sheep. This
was achieved by dividing each estimate of
coyote density by the functional feeding
response of coyotes to jackrabbit abun-
dance for that period and plotting this
against reported lamb losses (Fig. 5b).
In the ewe and lamb total loss rate mod-
els (Figs. 4, 5), non-predation loss rates
are inferred by the Y intercepts, with coy-
ote predation accounting for losses above
the intercept values. These models suggest
total losses attributable to coyote predation
ranging from 0 to 95%; percentages con-
sistent with sheep mortality studies where
ranges or pastures were routinely searched
on a periodic basis for dead sheep and the
causes of death determined by trained per-
sonnel. In those studies coyote predation
was generally implicated in the death of
Fig. 3. Total and coyote predation loss rates (numbers lost per 100,000 sheep-days) for lambs
(A) and ewes in spring (B) and winter (C) reported by ranchers grazing on INEL,
1979–1985.
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30–90% of the postdocking ewe and lamb
carcasses found (see reviews by O'Gara et
al. 1983 and Wagner 1988). Neither coy-
ote density nor abundance of prey were
determined for those studies.
Buffering by Jackrabbits
The degree to which coyotes feed on
natural prey when sheep are present repre-
sents buffering by natural prey. Although
jackrabbits were an important part of the
INEL natural prey base, marked changes
in jackrabbit density during this study
apparently did not affect the overall level
of natural prey buffering of sheep as indi-
cated by the linear relationships in Figures
4 and 5. We hypothesize that buffering is
not linearly related to abundance of natur-
al prey, but likely of the form in Fig. 2
(Hoffman 1979). As prey abundance
increases from low levels, buffering of
sheep approaches an asymptotic level with
the coyotes response to sheep unaffected
by additional increases in natural prey. In
spring 1984 jackrabbits virtually disap-
peared from the study site. For the first
time during this study total prey abun-
dance apparently fell below the level nec-
essary to provide buffering of lambs at the
asymptotic level. Although coyote density
remained nearly unchanged from 1983 to
1984, the reported total lamb loss rate
doubled (Fig. 5). Because the total loss
rate of ewes did not respond to the disap-
pearance of jackrabbits in 1984, we
believe the buffering curves for ewes and
lambs are different and that a lower natur-
al prey base is needed before reduced
buffering occurs for ewes. More studies
are necessary to clarify this buffering
hypothesis.
While recent theoretical models of
predator foraging behavior generally
regard energetics as the most important
factor in a predator's selection of prey
items (Krebs et al. 1981), there also
appears to be a foraging component that
motivates predators to continually sample
available food items, presumably to assess
future optimum feeding strategies (Orians
1981). This may explain why coyotes on
the INEL continued to kill sheep at a con-
stant rate per coyote even when jackrab-
bits reached extremely high densities.
Management Implications
From the linear relationships between
reported total loss rates of ewes and lambs
and coyote density (Fig. 4, 5), we infer
that predation rates on ewes and lambs are
directly proportional to coyote abundance.
From a management perspective, this sug-
gests that reductions in coyote predation
rates on ewes and lambs can be achieved
Fig. 4. Relationship between total loss rates of ewes (animals lost per 100,000 animal-days)
and coyote density in spring (closed circles) and winter (open circles). Data point for win-
ter 1979–80 (x = 0.29, y = 28.1) excluded from regression equation calculation.
Fig. 5. Relationship between total loss rates of lambs (animals lost per 100,000 animal-days)
and coyote density in spring on INEL, 1979–84, (A) without considering buffering by nat-
ural prey (data point for 1984 [x = 1.39, y = 163] excluded from regression calculations),
and (B) with inclusion of the functional feeding response of coyotes (from Hoffman 1979)
as a measure of buffering provided by jackrabbits. 
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in direct proportion to reductions in coyote
abundance.
One alternative to coyote removal is
reduction of coyote density through reduc-
tion in natural prey and carrion. This
would be a preventive measure in which
food reduction must be maintained. Some
researchers (Weaver 1977, Todd and
Keith 1976) suggest there is a critical peri-
od during the year, when food availability
is lowest, that determines general coyote
abundance on an area. Artificial reduction
of the food base might be most effective in
influencing coyote numbers if accom-
plished during such a critical period. The
efficacy and feasibility of reducing food
base as a means of depredation control in
various habitats is currently unknown.
Because coyote density in the Great
Basin fluctuates in response to cycles in
jackrabbit abundance, changes in coyote
predation on domestic sheep in this area
are predictable. Application of this infor-
mation can help sheep producers and
depredation control personnel anticipate
changing requirements to protect livestock
and has the potential for substantially
increasing the efficacy of depredation con-
trol programs. The most obvious aspect
involves planning for the allocation of
management resources. Generalization of
this concept to other areas would depend
on characteristics of the natural prey base
and the relationship of coyote density to
changes in prey abundance.
Conclusions
Coyote density on the INEL changed in
direct response to a long-term cycle in
jackrabbit abundance. Coyote predation
rates on both ewes and lambs were linear-
ly related to coyote density and were gen-
erally independent of jackrabbit abun-
dance. However, when jackrabbits virtual-
ly disappeared from the study site, and
availability of natural prey declined below
the asymptotic level of our hypothesized
prey buffering curve, predation rates on
lambs increased beyond the level predict-
ed by coyote density. Sheep producers on
the INEL appear to have markedly under-
estimated coyote predation rates on ewes
and lambs during the 4 years of this study
when coyote density was relatively high.
While conventional wisdom indicating a
dramatic loss of natural prey results in
increased predation on domestic stock
appears correct, that same wisdom appar-
ently does not recognize that numerical
responses by coyotes associated with
increased abundance of natural prey also
results in increased predation on livestock.
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